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(57) ABSTRACT 

A two loop heat conversion System for high heat density 
planar devices in which high density heat in an area adjacent 
to a Surface is transferred into a liquid cooling medium 
closed loop in a radiated heat to liquid heat transfer com 
ponent positioned in contact with the Surface that is con 
nected, to a liquid to gas medium, heat eXchanger in a first 
loop and a gas medium Second loop is arranged to carry 
away all radiated heat from the assembly and all heat 
extracted from the liquid in the liquid to gas heat eXchanger 
and exhaust it to the ambient. The radiated heat transfer 
component of the invention provides a transition in manu 
facturing that is practiced employing the planar type tools in 
fabrication which usually can neither be practiced manually 
or observed without Substantial magnification. 
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INCREASED EFFICIENCY IN LIQUID AND 
GASEOUS PLANAR DEVICE COOLING 

TECHNOLOGY 

FIELD OF THE INVENTION 

0001. The invention is in the field of heat dissipation and 
in particular to the efficient transfer of heat from a planar 
area of densely packed point locations through a Surface to 
an external ambient. 

BACKGROUND 

0002 Structures are being developed in the art wherein 
temperature control is of importance in a planar layer 
adjacent to a Surface. A highly technically active example 
being the integrated circuit chip device. Other examples 
involve Structures where there is a layer of a thermally, 
optically or electrically responsive material beneath a pro 
tective cover. Considering the integrated circuit chip as at 
least an electrically responsive example, as power density 
increases in Such planar Structures there is a closely packed 
area of point Sources of heat that must be dissipated through 
an adjacent Surface. In Such structures efficiency imitations 
are being encountered in the transfer of the heat to an 
external ambient. 

0003. At the present state of the art the combined use of 
liquid and gaseous media is receiving attention in efforts to 
advance efficiency in heat transfer. 
0004 Present developments in the integrated circuit cool 
ing art are directed to the use of air and water which are 
gaseous and liquid cooling media. However, Such Systems 
for the transfer of the heat from the planar Source area to the 
liquid involve large physical Space requiring Structure. 
0005 One illustration in the art appears in U.S. Pat. No. 
5,285,347 where a finned heat sink transfer system and a 
liquid pathway System through the heat Sink, are used 
together. 

0006 Another illustration in the art appears in U.S. Pat. 
No. 5,522,452 where a finned heat sink transfer system 
operates in a liquid System that includes nozzles spraying 
fins of the heat sink with liquid. 
0007. The systems heretofore in the art require space 
consuming structure that tends to inhibit progreSS in the ever 
increasing need for greater density and in heat transfer 
efficiency. 

SUMMARY OF THE INVENTION 

0008. In the invention there is provided a planar, radia 
tion to liquid, through convection and conduction, heat 
transfer component, positioned in contact with the Surface of 
the Structure that transferS the radiated heat through the 
Surface of the Structure to a liquid, and a gaseous cooling 
System that passes over at least the radiation to liquid heat 
transfer component and through a liquid to gas heat con 
verter that transferS the heat in the liquid in the planar 
component to the gas and then exausts into an ambient. The 
radiation to liquid heat transfer component is a planar, 
Surface contacting, assembly of Serpentine pathways of 
liquid that is moved by an appropriately Scaled embedded 
rotating element pump. The gaseous cooling Sub System 
involves gas flow over the planar component and over the 
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other to be cooled portions of the apparatus and through the 
liquid to gas heat coverter to the ambient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a perspective view of the planar radiation 
to liquid heat transfer invention component. 
0010 FIG. 2 is an overhead view of the radiation to 
liquid heat transfer component of the invention illustrating 
the Serpentine repetitive multiple direction change liquid 
paths and liquid pumping capability. 
0011 FIG. 3 is an expanded, along the lines 3-3, view of 
a typical Serpentine liquid passageway in the radiation to 
liquid heat transfer component of the invention. 
0012 FIG. 4 is an exemplary perspective view of a 
cooling System for a pair of integrated circuit arrays using 
liquid and gas cooling Simultaneously. 
0013 FIG. 5 is a cross sectional view of an exemplary 
radiation to liquid heat transfer component of the invention. 
0014 FIGS. 6 and 7 are exemplary interdigitating parts 
that together provide the functions of the radiation to liquid 
heat transfer component of the invention; in which, 
0015 FIG. 6 is an inside view of one complementary part 
of an example radiation to liquid heat transfer component of 
the invention, and, 
0016 FIG. 7 is an inside view of the second comple 
mentary part of the example radiation to liquid heat transfer 
component of the invention. 

DESCRIPTION OF THE INVENTION 

0017. The invention achieves high efficiency transfer of 
heat passing through a Surface of a structure, that is pro 
duced by an area of a high density of point Sources of heat 
originating adjacent to the Surface by providing a planar 
shaped, radiation to liquid, heat transfer component, that is 
positioned in contact with and conforms to the Surface of the 
Structure. The component of the invention is produced 
generally by using the type of planar manufacturing tech 
niques used in the art to produce those high heat densities 
and thereby be able to approach the types of densities 
encountered in integrated circuits. The radiation to liquid 
component, is constructed to have a plurality of Serpentine 
liquid passageways for a coolant liquid that are parallel to 
the Surface and in a density comparable to the heat density 
in the Structure. The radiation to liquid component is posi 
tioned in contact with the Structure Surface and has a 
thickness So as to be conformable to the Surface. In the 
component of the invention a pump capability is provided to 
provide and enhance liquid flow movement through the 
liquid passageways. The pump capability includes a branch 
ing of the passageways to at least one gear pump site. The 
pump capability provides pump enhanced flow movement to 
exhaust the liquid from the passageways to a heat eXchange 
mechanism beyond the high density portions of the Struc 
ture. 

0018 Referring to FIG. 1 a perspective depiction is 
provided of heat transfer from a high heat density radiating 
Surface through a radiation to heat transfer component of the 
invention. In FIG. 1 a portion of the radiating surface 1 is 
shown of a high heat density high heat generating member 
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2 Such as for example an integrated circuit where in a 
densely assembled layer depicted and labelled as element 3, 
there is an assembly of heat generating point Sources that 
produce heat which is radiated through the Surface 1. 
0019. In accordance with the invention a substantial 
increase in efficiency is achieved in carrying away heat 
radiated through the Surface 1 by providing the radiation to 
heat transfer component 4 of the invention. The component 
4 has essentially parallel Surfaces 5 and 6 Separated by a 
distance 7 Sufficient to accommodate a closed loop liquid 
pathway capability with entrance and exit ports 8 and 9. A 
liquid pump capability is provided that is made up of a pump 
site 10 in which a gear pump member 11 rotated by a shaft 
12 through a portion of the component 4 beyond the radi 
ating face 3 So that liquid can be moved through passageway 
branches 13 and 14 in ensuring even cooling. Alternatively, 
the gear pump 11 can be driven by a magnetic coupling. 
0020 Referring to FIGS. 1, 2, and 3 together, the liquid 
pathways 20-23 in FIG. 2, are generally arranged to cover 
the area of the layer 3 and are illustrated as a closed loop of 
four Serpentine pathways 20-23 with gear pump 11 moving 
the liquid in the component 4 at entering at port 8, passing 
through pathways 22 and 23 in parallel and further passing 
through branch 13, gear pump 11 in pump site 10, through 
branch 14, pathways 20 and 21 in parallel, to exhaust out 
port 9. A more detailed view of the serpentine nature of the 
pathways 20-23 may be seen in connection with FIG. 3 
which is an expanded view taken along the lines 3-3 of FIG. 
2. In FIG. 3 the coolant liquid enters pathway 28 at port 8 
and progresses in a Serpentine fashion toward branch 13 
which is, beyond the FIG. 3 scale, so as to bring the liquid 
coolant to as much of the Surface radiating the heat as 
practical. The pump and branches are designed and posi 
tioned so that a uniform flow is achieved and that any hot 
spots from locallized high heat density can be accommo 
dated. There are a wide variety of pump sizes in the art and 
it will be apparent that with Smaller pumps the pump site can 
be positioned over the layer 3 if desired. 
0021 Referring next to FIG. 4 where there is shown an 
exemplary perspective view of an overall increment of an 
apparatus with a cooling System employing the invention 
wherein the two surfaces 5 and 6 of the radiation to liquid 
heat transfer component 4 of the invention is positioned 
between integrated circuit arrays 30 and 31. 
0022. The ports 8 and 9 of the component 4 of the 
invention are connected to a liquid to gas medium, (air), heat 
transfer element heat eXchanger 32 shown dotted in housing 
33, by a means such as hoses that would not be visible in this 
perspective view. The liquid to air heat eXchanger 32 is a 
Standard in the art radiator type Structure that is normally 
placed essentially perpendicular to the component 4 in an 
overall apparatus housing, only a portion of which, plate 34 
being shown to permit viewing of the other components in 
this view, So that a gaseous medium Such as air can be 
caused to flow in a closed loop depicted by arrow 35 and fan 
36, in, and arrow 37 and fan 38, out, with the air in that 
closed loop flowing over the component 4 Surfaces 5 and 6 
and the Surfaces of other components of the Overall appa 
ratus, Such as other electronic cards 39 and 40, and exhaust 
ing at arrow 37 to the ambient. 
0023 The coolant liquid medium in the liquid closed heat 
eXchange loop made up of the Serpentine passageways 20-23 
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of the radiation to liquid heat transfer component 4 and the 
liquid to gas heat eXchanger element 32 is propelled by the 
gear pump and branches 13 and 14 capability built into the 
radiation to liquid heat transfer component 4. The pump 11 
and the shaft 12 of FIG. 1 may be housed in elements 41 and 
42 the housings of which also may serve in a Supporting role 
for the integrated circuit arrays 30 and 31. 

0024. The invention in the example thermal conversion 
unit of FIG. 4 provides two system heat conversion in which 
in a first System wherein high density heat at a planar Surface 
is transferred into a liquid cooling closed loop in a planar 
radiated heat to liquid heat transfer component that is 
connected to a liquid to gas heat eXchanger and in a Second 
System a gas loop is arranged to carry away all radiated heat 
from the assembly and that in the liquid to gas heat 
eXchanger and exhaust it to the ambient. The thermodynam 
ics of the individual Systems are Somewhat independent and 
wide variations in Structure are available in practising the 
invention. The planar radiated heat to liquid heat transfer 
component of the invention provides a transition in heat 
dissipation to heat transfer problems where the heat origi 
nates from a planar layer of high density point heat Sources 
Such as may be encountered in the integrated circuit field 
where the well known in the art Moore's rule would indicate 
a doubling of heat point Source density every two years. The 
planar to radiated heat transfer component of the invention 
provides a transition in manufacturing to heat transfer, that 
is practiced employing the planar type tools Such as photo 
and X-ray Sensitive patterning, chemical vapor deposition 
ing and precision ablation Such as reactive ion etching and 
Sputtering that usually can neither be practiced manually or 
observed without Substantial magnification. 

0025. In manufacturing, in connection with FIGS. 5, 6 
and 7, a planar fabrication technique is provided for the 
planar radiated heat to liquid heat transfer component of the 
invention. 

0026 Referring to FIG. 5, the component 4 is made up 
of a top part 50 and bottom part 51 that register in location 
with respect to each other by a means Such as insertion 
fitting as illustrated at 52. The top and bottom shapes 50 and 
51 respectively are processed to provide interdigitating 
shapes that produce Serpentine pathways as illustrated in 
FIG. 2, and along the croSS Section as illustrated along the 
line 6-6 of FIGS. 6 and 7 together, a cross section of the 
pathways 20-23 is illustrated. In general in the planar type 
of processing the horizontal dimensions are arrived at by 
lithography whereas the Vertical dimensions are arrived at 
by deposition or erosion. The two parts 50 and 51 of FIGS. 
6 and 7 may be metal or plastic and may be machined, cast 
or molded and pressed together by bonding whereby the 
parts 50 and 51 interdigitate leaving the dimensional preci 
Sion of the interdigitating parts providing the pathways 
desired. 

0027. In general heat transfer is enhanced where there is 
frequent impinging of the coolant liquid in the passageway 
Sides and there is turbulent flow from frequent change of 
direction. Parallel Serpentine channels is very effective. 
Further the number of channels 20-23 will be determined in 
accordance with Standard physics relationshipS and are 
related to the pressure drop of the coolant liquid with the 
more channels the lower the pressure drop. Exceptions are 
encountered where it becomes necessary to provide Special 
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branches from the channels to pump sites to accommodate 
locallized hot Spots. In addition to shaft driven pump impel 
lers magnetically driven impellers are appearing in the art. 
0028. What has been described is two system heat con 
version in an apparatus in which heat produced in a high 
density of point Sources adjacent to a Surface is provided 
with a radiation to liquid interface as a component in a first 
System and a Second System transferS the radiated heat of the 
apparatus together with the heat extracted through the inter 
face component to an ambient outside the apparatus. 
What is claimed is: 

1. In apparatus, in the dissipation of heat through a Surface 
area of a component of Said apparatus, the improvement 
comprising: 

a first transfer of Said heat radiating from Said Surface area 
of Said component to a liquid medium comprising 
liquid passageways in a component in contact with Said 
Surface area, and, 

a Subsequent transfer of Said heat in Said liquid medium 
to a gaseous medium. 

2 The improvement of claim 1 wherein Said a Subsequent 
transfer of Said heat in Said liquid medium to a gaseous 
medium includes Said gaseous medium conveying Said 
transferred heat and radiated heat from Said apparatus to an 
ambient outside Said apparatus. 

3. The improvement of claim 1 wherein said component 
in contact with Said Surface area has at least one Serpentine 
shaped passageway. 

4. The improvement of claim 3 wherein said serpentine 
passageway is a plurality of Said passageways resulting from 
top and bottom plates each with a protruding interdigitating 
pathway configurations. 

5. The improvement of claim 2 wherein said component 
in contact with Said Surface area has at least one Serpentine 
shaped passageway. 

6. The improvement of claim 4 wherein said serpentine 
passageway is a plurality of Said passageways resulting from 
top and bottom plates each with a protruding interdigitating 
pathway configurations. 

7. The improvement of claim 4 where said component 
includes an embedded pump at a site connected to Said at 
least one Serpentine pathway. 

8. The improvement of claim 6 where said component 
includes an embedded pump at Site joining four Serpentine 
pathways at a pump site. 

9. In the dissipation of heat through a Surface area of an 
integrated circuit in electronic apparatus, 

the improvement comprising: 
a transfer component for transfer of Said heat radiating 
from Said Surface area of Said integrated circuit to a 
liquid medium 
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Said transfer component including a member in contact 
with Said Surface having passageways for a liquid 
medium. 

10. The improvement of claim 9 including a heat 
eXchanger adapted to transfer Said heat through a gaseous 
medium to an ambient of Said electronic apparatus. 

11 The improvement of claim 10 wherein said transfer of 
Said heat in Said liquid medium to a gaseous medium 
includes Said gaseous medium conveying Said transferred 
heat and radiated heat from Said apparatus to an ambient 
outside Said apparatus. 

12. In the dissipation of heat through radiating Surface 
areas of integrated circuits in electronic apparatus, 

the improvement comprising: 

a transfer component for transfer of heat radiating from 
the radiating Surface area of Said integrated circuits 
to a liquid medium, 
Said transfer component having first and Second 

essentially parallel Sides with the radiating Surface 
area of each integrated circuit of an array in 
contact with one of Said Sides, 

Said transfer component including a heat eXchanger 
adapted to transfer said heat through a gaseous 
medium to an ambient of Said electronic apparatus. 

13 The improvement of claim 12 wherein said transfer of 
Said heat in Said liquid medium to a gaseous medium 
includes Said gaseous medium conveying Said transferred 
heat and radiated heat from said apparatus to an ambient 
outside Said apparatus. 

14. The process of transfer of heat from an area of densely 
positioned Sources radiating through a planar Surface of an 
element of an electronic apparatus, 

comprising the Steps of 

providing a radiation to liquid heat transfer component 
positioned in contact with Said area on Said Surface, 
and, 

providing a heat eXchange mechanism operable to 
transfer heat in the liquid in Said transfer component 
to a gas. 

15, The process of claim 14 including the Step of passing 
Said gas over radiating portions of Said apparatus in exhaust 
ing Said gas to an ambient outside Said apparatus. 

16. The process of claim 14 including in Said providing, 
a radiation to liquid, heat transfer component, positioned in 
contact with Said area on Said Surface, Step, the further 
providing of multiple Serpentine liquid passageways in Said 
component. 


